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Abstract 
Equipping power plants with carbon capture technologies increases the (cooling) water demand of these plants. This study 
explores the potential impact of such increase in water demand on the regional water scarcity in Europe. A database with key 
characteristics of 458 of the largest European power plants is developed and the water use of these power plants is estimated. The 
water use of the power plants are spatially linked to current water stress index levels. Several prospective scenarios are developed 
accounting for variations in the future configuration of Europe’s electricity generation and different penetration rates of carbon 
capture technology. Regional water stress index levels are calculated to compare the potential impact of applying carbon capture 
technologies on the water stress. Preliminary results indicate that the increase of water use due to carbon capture technology is 
partly expected to be compensated by the deployment of more efficient energy conversion methods which require less cooling 
water. As such, no significant increase in water stress is expected in the short term (2030), as the carbon capture penetration level 
in European power plants is expected to be quite low. However, on the long term (2050), large scale instalment of carbon capture 
technologies in power plants might significantly increase the water stress throughout Europe.  
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1. Introduction 
Applying carbon capture and storage (CCS) technology on thermoelectric power plants potentially can reduce 
CO2 emissions from energy production [1], but is also expected to increase the water use of power plants. Literature 
indicates this increase can be in the range of  33 to 90% [2] due to additional cooling demand resulting from an 
efficiency drop and additional water requirements induced by  the carbon capture process [3]–[6]. This increase in 
water usage could become a potential bottleneck in applying CCS technology, especially in water stressed areas [2]. 
Water is a limited natural resource and its use in power plants reduces availability and results in water scarcity 
impacts. Generally, water use is differentiated into water withdrawal (water that is released back after use to the 
water source) and water consumption (water that is evaporated or integrated into products) [5]. The effect of water 
consumption is dependent on water availability and current water scarcity level. 
The balance between water demand and water availability in thermoelectric power production is important [3], 
[7]. Reports indicate that the future electricity supply of Europe and the US could be vulnerable to water scarcity [8]. 
To date, only few studies have assessed the potential impact of applying CCS in power plants into the water 
availability at the regional or global level. For example, the water demand of the future electricity system of the US 
has been linked to water availability [9]–[11] and the potential impact of applying CCS on the average global water 
consumption has been investigated in [12]. The latter study concludes that although applying CCS can significantly 
increase the global consumption of water, CCS and water availability do not necessarily need to be in conflict as 
future deployment of advanced CCS power plants might reduce water usage rates of power plants [12].  
As no studies are yet available in open literature that assess the potential impact of applying CCS to power plants 
on the water availability in Europe, this study aims to explore the potential impact of applying CCS on European 
water stress levels. The goal is to examine whether, where and under what circumstances power plants with CCS 
could contribute to increase in water stress, by spatially matching water usage of power plants with regional 
European water availability levels. Prospective scenarios, varying the amount of CCS installed, power plant 
conversion technologies and carbon capture technologies are applied in this study to map European water stress 
levels. 
2. Methodology 
The impact of implementing carbon capture in fossil fuel power plants on regional water scarcity is assessed by 
regionally relating water demand and water availability levels following a bottom up approach. Figure 1 
schematically depicts the methodology with corresponding data flows as used in this paper. Green boxes represent 
input data, which comprises inventory data and developed scenarios, the blue oval represents the actual process 
methodology, the impact assessment, and the red box represents the output, which stands for the (change in) impact 
in the water stress index. Data flows are represented by the black arrows.  
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2.1. Inventory data 
A database has been developed which includes 458 of the largest power plants (> 200MW) in Europe, covering 
approximately 72% of the European electricity generation. The data was gathered from publicly available sources 
[13]–[15] and includes the names, locations, primary fuel type, energy conversion technology, commission year, 
primary cooling method (direct cooling, cooling tower or cooling pond), availability of sea water for cooling, the 
electricity generated in 2007 and the expected electricity generation for 2020. As there is no information publicly 
available on the actual water use of the power plants, this has been estimated using average water use rates based on 
a literature review.  
The method for defining water availability is the water stress index (WSI), which is defined as a characterization 
factor, ranging from 0 to 1, for a suggested measurement of freshwater deprivation in life cycle impact assessment 
[16]. It indicates the portion of consumptive water use that deprives other users from freshwater. Current European 
WSI levels serve as input for the current water stress for all regions in Europe. 
2.2. Scenario development 
The configuration of the future European electricity generation is highly uncertain. Therefore, several scenarios 
have been constructed to explore the potential impact of CCS in the future configuration of electricity generation 
under different circumstances. In this paper, two scenarios are addressed for 2030 besides a base case scenario 
Figure 1. Schematic overview of methodology 
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Figure 2. Water stress index (WSI) for reference scenario A0. WSI is indicated by the colours, varying from absolutely no water stress (< 
0.05) in dark blue to extreme water stress (> 0.95) in dark red. 
which presents the current situation (A0): a scenario in which no penetration of CCS technologies is assumed (B0) 
and one in which all modern (built after 2000) fossil fuel power plants are assumed to be retrofitted with carbon 
capture technology (B1). Scenarios for 2050 are currently being developed and assessed and are not included in this 
paper but will be reported in a paper that is currently in process. The characteristics of the scenarios assessed in this 
paper are presented in Table 1.  
Table 1. Key characteristics of assessed scenarios 
Scenario Year CCS deployed  CCS penetration Carbon capture technology Technologies power plants 
without CCS 
A0 Current No No - Current technologies 
B0 2030 No No - Current technologies1) 
B1 2030 Coal and gas power 
plants built after 20002) 
19% (89 out of 
458 power plants) 
Retrofitted with  
post-combustion capture 
Current technologies1) 
1) With the exception of pulverised coal and gas-fired plants. Subcritical pulverised coal plants are assumed to be upgraded to supercritical 
pulverised coal plants, and supercritical pulverised coal plants are assumed to be upgraded to ultrasupercritical pulverised power plants. 
Conventional gas-fired power plants are assumed to be changes to NGCC. 
2) All power plants with building year 2000 or later are assumed to be retrofitted with carbon capture technology. 
2.3. Impact assessment 
Water withdrawal rates of power plants are spatially matched with the corresponding WSI for each scenario. 
Scenario A0 serves as the reference scenario, for which the current WSI levels are assumed. The impact of the 
change in water use of the power plants in the prospective scenarios B0 and B1 on the WSI levels is then calculated. 
Then, new WSI levels can be determined and compared to the reference scenario, exploring whether significant 
changes and potential bottlenecks occur when applying CCS. 
3. Results 
The WSI levels for the reference scenario are presented in Figure 2. Although in the majority of Europe, there are 
no direct concerns regarding the WSI, some regions show already high WSI levels (e.g. Southern Europe, parts of 
Eastern Europe, south-east of the UK). 
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Figure 3. Absolute change in water stress index (Δ WSI) of scenario B0 compared to A0. Δ WSI indicated by the colours: large reduction (> 0.1) 
in dark blue, slight reduction  in light blue, no significant change in green, slight increase in yellow and large increase in dark red. 
Figure 4. Absolute change in water stress index (Δ WSI) of scenario B1 compared to A0. Δ WSI indicated by the colours: large reduction (> 0.1) 
in dark blue, slight reduction  in light blue, no significant change in green, slight increase in yellow and large increase in dark red. 
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Figure 3 and Figure 4 present preliminary results in the form of absolute changes in WSI compared to the 
reference scenario A0 for scenarios B0 and B1, respectively. In most areas, WSI levels do not change but there are a 
few changes worth to be noted. In scenario B0, WSI is slightly reduced in parts of the Benelux, France, Eastern 
Europe, Bulgaria and Turkey. This reduction is the result of a decrease in water use by coal and gas-fired power 
plants (due to the assumed upgrade in energy conversion technology). Overall, this decrease in water use 
compensates the increase in water use due to the growth in electricity production in 2030. 
When penetration of carbon capture technologies is added in scenario B1 (Figure 4), the corresponding expected 
increase in water use only increases the water use in one region: central Portugal and Spain. In the rest of Europe, 
the CCS penetration rate (19%) is apparently too low to cancel out the decrease in water use due to the upgrade in 
energy conversion technologies and to increase the WSI.  
Preliminary results for scenarios for 2050 showed more significant increases in most parts of Europe (e.g. 
Benelux, Germany, Eastern Europe, Spain). These results are not included in this paper but will be reported in a 
paper that is currently in process. These preliminary results for 2050 indicate that large scale deployment of carbon 
capture technologies in power plants will increase WSI levels in Europe. 
4. Discussion and conclusion 
The goal of this study was to explore the possible impact of CCS on the water stress levels in Europe. 
Assumptions and simplifications have been applied in this study that might have to be readdressed if a full impact 
assessment is to be performed. 
Combined heat and power plants have not been taken into account due to data unavailability. Only a limited 
amount of conversion technologies is specified and one fuel type per power plant (e.g. no co-firing) is considered. 
Hybrid cooling methods (e.g. the combination of direct cooling and a cooling tower) are yet to be included. 
Furthermore, dry cooling is not considered as no scenario is needed to deduce that implementing air cooled power 
plants will reduce water stress. 
WSI has been chosen as method to define the impact on water scarcity because this combines the water 
availability with the water use of all sectors (e.g. agriculture, industry), not only power generation. As such, not only 
water scarcity or availability is taken into account but also water demand. However, this study has not considered 
possible changes in water demand from other sectors. This could potentially impact the results, as an increase in 
water use of other sectors would limit the water availability for the power sector and vice versa.  
Despite these limitations, this study provides a first indication of what the impact of applying CCS could be on 
the water stress in Europe. On the short term (2030), due to the low penetration of CCS a potential increase in water 
use due to CCS is expected to be compensated by the reduction in water use due to the deployment of more modern 
conversion technologies which require less water.  
However, on the long term (2050), the picture is more complex as higher CCS penetration rates are considered. 
First results indicate that water and CCS can become an issue at the regional level. The work, currently under 
development, assesses a larger range of scenarios and therefore it will show a more detailed assessment of the 
potential impacts of technology combinations and will allow us to have further insights into the potential impact of 
CCS in water stress levels. 
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